Indoor levels of OPFRs were significantly higher than outdoors.
tool and the vacuum tube. FD was collected from selected homes (n = 9) by slowly passing the 151 crevice tool of the vacuum cleaner on carpets and bare floor of the living area. The dust was 152 allowed to pass to the dust collection bag (Kajiwara and Takigami, 2016) . Samples were wrapped 153 in a pre-combusted aluminum foil, sealed in plastic zip bag, and stored at -20 °C until analysis. 154 For cars, dust (n = 18) was collected from all the available surfaces except the floor. Participants 155 were asked to follow specific guidelines for the samples to be valid (see Appendix A and Table   156 A1 for more details).
158
Outdoor dust samples (n = 30) from the same locations as the indoor samples, were collected from 159 smooth surfaces using small plastic brushes and a small aluminum shovel. Samples were kept in 160 small amber glass jars and stored in a freezer at -20 °C until analysis. 161 LDPE [10 × 30 cm strip of ∼2 g each (51 µm thickness) for the outdoor samples, and 10 × 20 cm 162 strip of ∼1 g each (25 µm thickness) for the indoor samples] were pre-cleaned and spiked with 163 performance reference compounds (PRCs) (Booij et al., 2002) . Outdoor samples (n = 30 x 164 duplicates) were deployed for 2 months near the indoor sampling locations in two inverted bowls 165 as a shelter for protection against sunlight and precipitation. In the indoor microenvironments, one 166 LDPE sheet was deployed for 2 months at each of the sampled rooms (n = 2 -3) of the living area 167 starting two weeks before the dust sampling campaign. Samplers were hung in protected places 168 away from direct exposure to the light and direct contact with participants. The total number of 169 deployed LDPE were 66 (33 x duplicates) at apartments, 36 at the cars, and 60 at working places 170 (total = 162 samples). In the extraction/analysis step, all LDPE sheets deployed within a unit 171 (apartment or working place) were pooled and extracted as one sample (n = 16, 14 and 18 x 172 duplicate for apartments, working places and cars respectively). Dust samples (indoor and outdoor) were sieved through a 3-inch, 100 mesh (150 µm) stainless 175 steel sieve (Dodson et al., 2012) , and ~ 0.50 g dry weight were extracted in an ultrasound after 176 spiking with labelled OPFR surrogates. Samples were then purified and fractionated (F1 and F2) 177 over silica gel. F2 containing the OPFRs was concentrated to a final volume of ~ 25 µL (in 178 methylene chloride) after the addition of the injection standard (p-terphenyl-d14). LDPE samplers 179 were spiked with surrogate standards (same as above) and extracted twice for 24 h each. After 180 extraction, no further cleanup was required and the extracts were concentrated as shown above for 181 the dust samples. Field blanks, matrix spikes, and duplicate samples (30% of the total dust samples and all the LDPE 192 samples) were included with each sample batch. Field blanks (10 for dust and 10 for LDPE) were 193 analyzed with the samples (Table A2) , and samples were corrected for the blanks. When an analyte 194 was not detected, the noise was quantitated for the limit of detection (LOD) calculations. LODs 195 were determined in the different matrices as the upper limit of the 95% confidence interval for the 196 field blanks (Table A3 ). We used ½ the LOD for concentrations that were below the detection 197 limit. Recoveries of the surrogate standards generally ranged from 68 -90 % and 66 -94 % for 198 9 the outdoor and indoor LDPE respectively, 60 -85 % for the outdoor dust, 61 -90 % for the 199 indoor fine dust and 62 -94 % for the floor dust. Matrix spikes recoveries (n = 6 for LDPEs and 200 7 for dust) ranged from 74 ± 3.0 % (TNBP) to 101 ± 1.0 % (m-TMPP) for the LDPE and from 73 201 ± 3.0 % (TNBP) to 104 ± 1.0 % (TPHP) for the dust (Table A4) Analysis of variance (ANOVA) and the student t-test were performed with SigmaPlot 11. All 209 numbers were log-transformed before the statistical test for normality. Factor analysis (FA) and 210 bivariate correlation were performed with IBM SPSS (V 23, USA). In the factor analysis model, Concentrations of ∑OPFRs in the gas phase ranged from 6.0 -39 pg/m 3 (apartments), 7.0 -64 224 pg/m 3 (working places) and 10 -45 pg/m 3 in cars (Table A5 ). Cars showed the highest median Table A5 ). TCEP, TBOEP and EHDPP were below the LOD in all 231 the samples from apartments and working places, whereas only EHDPP was below LOD in cars. (median: 692 ng/g) were significantly higher (one-way repeated measures of ANOVA; p < 0.001) 250 than concentrations observed at working places (median: 359 ng/g) and the apartments (Table A6) 251 which was similar to what was previously found in Cairo, Egypt (Abdallah and Covaci, 2014) and 252 Germany (Brommer et al., 2012) .
254
Concentrations of ∑OPFRs in the FD samples of the apartments ranged from 122 ng/g to 514 ng 255 with a median concentration of 243 ng/g (Table A6 ). No statistically significant difference was 256 observed between detected samples in the FD and the EFD (162 -1,117 ng/g; median: 260 ng/g).
258
Some variability was observed when the different microenvironments were compared with respect 259 to the detected analytes ( Fig. 1b ). TDCIPP was detected in all the EFD samples (Table A6) . TPHP 260 was also detected in 100 % of the apartment, working places, FD and in 94 % of the car samples 261 (n = 18). TBOEP and TCIPP were detected in all the EFD samples from working places and cars 262 respectively. (Table A6 ). TNBP was below LOD at apartments and working places but detected Outdoor vapor phase concentrations of ∑OPFRs ranged from 2.4 to 9.0 pg/m 3 and 2.3 to 16 pg/m 3 296 at the residential-industrial and residential sites respectively (Table A5 ) with no statistical 297 significance difference in the detected concentrations (t-test, p > 0.05). TNBP showed the highest 298 median concentration at the residential -industrial (1. 9 pg/m 3 ) and residential sites (2.0 pg/m 3 ) 299 and was detected in 67 % and 73 % respectively of the samples (n = 15 each) probably due its 300 higher volatility compared to the other OPFRs (Reemtsma et al., 2008) . TCIPP was the second 301 highest at the residential site (1.9 pg/m 3 ) but it was only detected in 47 % of the samples (Table   302 A5). All the other OPFRs displayed lower median concentrations (< 0.70 pg/m 3 ). TDBPP, TEHP, 
Dust Samples 313
Concentrations of ∑OPFRs generally ranged from 83 -480 ng/g with comparable concentrations 314 at the residential and residentialindustrial regions (Table A6 ). Median concentrations of TCEP, 315 TDBPP, TEHP, EHDPP, o-TMPP and p-TMPP were below LOD at all the sites, whereas median 316 concentrations of TNBP were below LOD only at the residential sites (Table A6 ). Some variability 317 was observed in the contributions of the investigated OPFRs in the outdoor samples (Fig. A3e, f) .
318
At the residential sites, TPHP showed the highest median concentration (32 ng/g) comprising 3.0 319 14 -49 % of the total concentrations followed by TDCIPP (median: 28 ng/g; % contribution: 3.0 -59 320 %), TCIPP (20 ng/g; 3.0 -30 %) and TBOEP (18 ng/g; 1.0 -28 %). At the residentialindustrial 321 sites, the following descending order was observed: TBOEP (30 ng/g; 16 -51 %) > TPHP (22 322 ng/g; 12 -69 % each) > TNBP (16 ng/g; 11 -33 %) > TDCIPP (15 ng/g; 11 -33 %). Detected EFD concentrations of OPFRs at the apartments were lower than concentrations reported 356 for the working places and cars (Fig. 1c ). TBOEP and TPHP concentrations at working places (Fig. 3b) were the highest (one-way repeated measures of ANOVA; p < 0.001), followed 393 by PBDEs and NFRs which showed the lowest concentrations. This is probably a reflection of the higher than TDCIPP. This implies that OPFRs in EFD and FD samples for the same locations were 414 probably produced and/or influenced by different sources.
Comparison between levels and profiles of OPFRs in the different microenvironments

415
For further investigation, factor analysis (FA) was performed separately for the vapor phase and 416 dust samples. In this analysis, OPFR data from the current study and NFR and PBDE data from 417 our previous study were included. Samples were entered as the variables. The main purpose was 418 to check the variabilities/similarities between the different microenvironments, the different dust (Table A8) (Table A9) , where EFD samples from the different indoor microenvironments were 436 loaded on two factors (Factors 1 and 3) and were separated from the outdoor dust samples (Factor 437 2), which were loaded together with the FD samples. The loading of FD and outdoor dust on the 438 same factor is a reflection to the similarities in their profiles of OPFRs (Fig. A4 ), PBDEs and NFRs 439 (Khairy and Lohmann, 2018) . Since all the samples were sieved (excluding the influence of 440 particle size differences in samples), we suggest that FD samples are probably affected by 441 carryover of dust by the shoes from the outdoor places. Based on our pre-sampling conditions (as 442 requested from volunteers as shown in the supplementary information), we assume that this 443 carryover process is of minimum influence on EFD samples. 
Sources and Relations between OPFRs in the Samples
446
In the air and EFD samples (Tables A10, A11) (Tables A13, A14 ). However, these findings should be carefully considered due to 459 the small number of investigated samples (n = 6 each). (apartments + working places, Fig. 4a ), cars (Fig. 4b ) and the outdoor environment (Fig. 4c ) 483 indicating an equilibrium partitioning between air and the organic phase of the dust particles 484 (Weschler and Nazaroff, 2010). A similar finding was observed for FD samples. Equilibrium 485 21 partitioning between air and dust for a wide range of flame retardants was also previously observed 486 in Norway (Cequier et al., 2014 surface area and absorbed dose were obtained from the EPA guidelines for human health risk 533 assessment (Means, 1989) . Calculated daily dose for each target analyte from each exposure route 534 is given in Table A15 . Total daily doses (sum of doses from inhalation + ingestion +dermal 535 contact) ranged from 0.050 -1.2, 0.060 -1.3, 0.050 -1.2, 0.28 -7.1 and 0.52 -12 ng/kg bw/d 536 for adult working females, non-working females, adult males, children and toddlers respectively.
537
All daily doses of TCEP, TCIPP, TDCIPP, TNBP, TBOEP and TPHP from the ingestion pathway 538 (both worse-and best-case scenarios) were much lower than their corresponding oral reference 539 doses. For all the exposure routes, TDCIPP showed the highest estimated daily doses for all the 540 sex and age groups (Fig. 5 ). For adults, dermal contact was the main source of exposure, where it 541 was responsible on average for 74 % of the total calculated daily doses. Dust ingestion was 542 responsible on average for 25 % of the total daily doses. In children and toddlers, dust ingestion 543 was the major exposure pathway, where it represented on average 58 % and 67 % respectively of 544 the total daily doses followed by the dermal contact (41 % and 33 %). Inhalation showed only 545 minor contribution as most of the analytes were below LOD in the vapor phase. data expressing the effect of the exposure to OPFRs via dermal contact and inhalation are missing 558 and thus are greatly needed in future studies for between understanding of the possible overall 559 adverse health effects associated with the exposure to OPFRs from all atmospheric exposure 560 routes. In contrast to previous work, we observed strong log-linear portioning for OPFRs between 561 gas-phase and dust samples, though offset from other brominated flame retardants. The reason for 562 the higher abundance of OPFRs in the dust relative to PDBEs and NFRs is not clear, but might
